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SUMMARY

EBroblem
Previous Naval Health Research Center studies have identified several U.S. Navy engineering

occupations at higher than average Navy risk for disease and injury. The Chief of Naval Opers~
tions ‘roquntod a follow-up study addressing the health risks of assignment to Navy engineering
occupations. In response, this prospective stuc’r of disease and injury in Navy engineering
personnel was done.

Objective

This study assessed the risk of occurrence of disease and injury in active-duty enlisted Navy
engineering personnel compared to the total Navy during two time periods, 1974-79 and 1980-83.
Approach » __/

All white male active-duty enlisted peuonnelnlrnﬂlo‘—!hvy engin;e—i-—i;g(occupacions were
identified from the NHRC Career History Pile. ?é;son-yearn at risk for engineering occupations
and the total Navy were deur/pined'tof the two time periods.

Hospitalizations ,lei*'er identiried from the NHRC Medical History File. This file was searched
for all primary discharge diagnoses of dlsease and _injury oceurring in Navy engineering personnel,
and all other ‘Navy personnel. Diagnoses were grouped into 15 disease and injury categories.

vilospitauution rates for these categories were determined and Standardized Morbidity Ratilos
‘{Sﬂhé) were calculated as a summary measure of risk to minimize the effects of differing age-

- distributions in the occupations under study. Significance testing was performed using the
Poisson distribution with a five percent significance level.

Results

~..

2> 11 Navy engineering occupations combined had about 20% higher risks for nervous system
disorders (principally hearing loss), musculoskeletal disorders, and accidents. This excess was
statistically significant. A large proportion of this excess was contributed by one occupational
group: Boiler Technicians.

Boiler technicians had a consistently high excess risk across the greatest number of disease
categories of any Navy engineering occupation. Disorders for which Boller Technicians were sta-
tistically significantly well above the Navy norm included: mental disorders (35 percent higher)
and nervous system disorders (45 percent higher). Boiler Technicilans also have significantly high

rates of accidental injury, and these rates increased by 10 percent from 40 to 50 percent greater

than the rest of the Navy during the two study periods
Other high risk occupations were Hull Maintenance Technicians, Enginemen, and Machinist's

Mates.

CQlenféri‘i '

»_,/ Navy engineering work involves close contact with heavy mach/nery under conditions which are
often adverse. Ingineering environments are hot, dirty, and noisy, and the high potential for
accidents 1s shown by the high rates of accidental and musculoskeletal injury experienced by men

working under these conditions. ___Noise in engineering environments also contributes to hearing

loss, as shown by the M.h‘ rates of ous system disorders. Improvements in Navy engineering
environments should be primarily directed \toward Boiler Technicians, who were the major contribu~

tor to excess disease and injury observed 1N Wavy engineering personnel. Improvements in the work
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Disease and Injury in U.S. Navy Engineering Occupations
Edward D. Gorham, Frank C. Garland, James C. Helmkamp, E. K. Eric Gunderson

Naval Health Research Center

Several studles conducted at the Naval Health Research Center (NHRC) suggested that U,S. Navy
engineering personnel may be at increased risk ~. disease and injury (1-5). In September of 1985
the Chief of Naval Operations requested NERC to conduct a more comprehensive analysis. In re-
sponse, this study of Navy engineering personnel was done to asseas their risk of disease and
injury in comparison to the total Navy during two time periods, 1974-79 and 1980-83.

A study of total hospital admission rates by Gunderson and Colcord followed a cohort of men
in 56 enlisted occupations from July 1965 through December 1976 and reported three engineering
occupations in the highest quartile: Boiller Technicians, Hull Maintenance Technlclans, and
knginemen (1). Persons 1in these occupations experienced total hospitallzation rates above the
Navy norm for all neoplasms, acclidents, and nervous system disorders (principally hearing loss).

A survey of the habitability and health aboard 20 U.S. Navy Pacific and Atlantic Fleet combat
ships found that engineering division personnel worked under conditions which were self-perceived
as unsafe in environments considered hot, dirty, and noisy. Boiler and machinery personnel had
relatively high injury rates determined through sick call reports (2). This finding was supportea
by a& study by Ferguson et al. which found that on-duty Boiler Technicians and Hull Malntenance
Technicians had almost double the accident rates of other Navy occupations (3).

Two studles of malignant peoplasms, Hodgkin's disease and testlcular cancer In Navy personnel
suggested that certain engineering groups are at Increased risk for these disorders (4, 5).
Machinist's Mates had approximately twice the expected incidence of Hodgkin's disease compared to
total Navy incidence (standardized incidence ratio [SIR] = 2.3, p < 0.05). Two other engineering
groups, Enginemen and Interior Communications Klectricians, had increased risk of Hodgkin's
disease (SIR = 1.7, and 2.4, respectively), but this increase was not statistically significant
(4). Enginemen did have about three times the likelihood of developing testicular cancer (SIR =
2.9) compared to the total Navy, a statistically significant excess risk (5).

In addition to excess morbidity, unauthorized absence, desertion, and premature attrition
rates for personnel In engineering occupations (particularly Boiler Techniclans) have been
reported to be higher than tnose tor other Navy occupations (6), suggesting that severe work
environments take a toll on performance and retention as well as health.

Methods

The Naval Health Research Center has developed computerized medical and personnel data filles
whicn contain all hospitalization and career event records for actlve-duty enlisted naval person-
nel for the period 1965-83. Inctdent cases in this study were ascertalned from these files and
Jerined as all primary hospital discharge diagnoses occurring in wnite male active-duty enlisted
personnel during any hospitalization from 1974-79 or 1380-83. The time period of the study was
divided in order to assess any recent changes in morbidity in tnis population In contrast to the
earlier time period. Ten engineering occupations were selected ac the study populatl&n (Table 1).

Age-, race-, and sex-specific incidence rates were calculated for 15 broad categories of
{llness and injury (Table 2) based on the International Classification of Diseases, EKighth and
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Ninth Revisions [ICDA-8, ICD-9] (7, 8). Certain common but less serious disorders were deleted
from their categories. Dental disorders were deleted from digestive diseases, and the diagnosis
of hemorrhoids was deleted from circulatory disorders.

The population denominators used in the calculation of incidence rates in this study were
person-years at risk for white male enlisted personnel for the two study perilods. To increase
comparability of total Navy population rates with specialized and highly trained engineering
personnel two entry-level groups were not included in the total Navy rates; these were Seaman and
Alrman (approximately 15 percent of total Navy person-years). Pireman, an entry-level engineering
designation, was maintained in the analysis because of interest in the health status of engineer~
ing occupations throughout their careers.

Age-adjustment was performed using the indirect method due to the small number of cases in
some age and occupation categorles (9). Standardized morbidity ratlos (SMRs) for each engineering
occupation were calculated using expected values based on total Navy age-specific incidence rates
(excluding Seaman and Airman) (9). The Poisson distribution was used to calculate all 95 percent
confidence intervals and to assess the statistical significance of all reported differences in
risk by occupation (9).

Results

Person-years by age for each engineering occupation and the total Navy (excluding Seaman and
Airman) for the two study periods are shown 1in Tables 3 and 4. All engineering occupations
comprised 23 percent of the total Navy over these two periods.

Overall, morbidity in engineering personnel was above the Navy norm in the following four
categories (Table 5):

Mental disorders. Mental disorders were statistically significant more frequently in all

engineering personnel during the first study period (SMR = 1,2), but this excess disappeared
during the second (SMR = 1.0). Boller Technicians contributed to the excess during both periods
(SMR = 1.4 and 1.3, respectively). Fireman had the highest excess for mental disorders of any
single engineering group (SMR = 1.7) during the first study period, but this large difference did
not persist into the second period (SMR = 1.1).

Nervous system. Disorders of the nervous system and sense organs (particularly hearing loss)
were consistently 20 percent higher among all engineering personnel compared to the total Navy,
and this difference was statistically significant during both study perlods (SMR = 1.2, 1.2). A
30 percent increased risk was present for Enginemen during both study periods, and this excess was
statistically significant during the first period. Boiller Techniclans had significantly increased
risk during both periods (SMR = 1,6, 1.3). Piremen had significantly increased risk during the
first period only (SMR = 1.4, 0.8).

Musculoskeletal disorders. Musculoskeletal disorders were 20 percent higher in engineering

personnel during the first study period and 10 percent higher (uring the second. Highest risk
groups included Boiler Technicians, Hull Maintenance Technicians, Machinery Repairmen, Enginemen
and Machinists Mates. Boiler Techniclans were the highest risk group with a significant 40
percent increased risk for both periods (SMR = 1.4, and 1.4). Hull Maintenance Technicians also

had a significant excess during both periods and showed a slighc increase (SMR = 1.3, and 1l.4).




W

Accldents. Accidental injuries were 20 percent higher than the rest of the Navy during the
first period of the study for all engineering rates combined (SMR = 1.2). This excess was reduced
during the second period of the study to only 10 percent above the Navy norm (SMR = 1.1), and this
difference was not statistically significant. The decreasing trend in accidents did not occur for
Boller Technicians whose risk increased by 10 percent during the study, rising from an SMR of 1.4,
during the first phase, to a statistically aigrificant excess of 1.5 during the final study
period.

Four engineering groups are the primary eontributors to these high categories of morbidity:

Boiler Technicians. Boiler Technicians were an average of 35 percent above the Navy norm for

mental disorders during 1974-79 and 1980-83. Boiler Techniclans had a Y45 percent excess for
nervous system disorders and a 40 percent excess for musculoskeletal disorders. Accldents, which
decreased by 10 percent in the total Navy during the two study perlods, Iincreased in Boiler
Technicians by 10 percent from an SMR of 1.4 to 1.5.

Boiler Technicians also had significantly high risk of circulatory system disorders compared
to the rest of the Navy with a 30 percent increase over the two study periods from an SMR of 1.3
to 1.6.

Hull Maintenance Technicians. Hull Maintenance Techniclans had approximately U0 percent

greater hospitalization rates for musculoskeletal disorders (SMR = 1.3, 1.4) and accidents (SMR =
1.4, 1.4) than the rest of the Navy. This excess risk was statistically significant and was
present during both study periods.

Enginemen. Enginemen had 30 percent greater hospitalization rates for nervous system
disorders than the rest of the Navy during toth study perfods and 20 percent higher risk for acci-
dents.

Machinist's Mates. Machinist's Mates were the only englneering group with a significant

excess of malignant neoplasms (SMR = 1,4), but this occurred only during the first phase of the
study and dropped to the Navy norm during 1980-83 (SMR = 1.0). This finding of an excess risk 1s
consistent with an earlier study which found Machinist's Mates at excess risk for Hodgkin's
disease (SIR = 2.3, p < 0.05) (4),

Age-specific hospitalization rates for each of the 15 disease categories are listed in the
Appendix Tables Al-Al5 for 1974-79 and Tables Bl-Bl5 for 1980-83).

Discussion

This study deflned the general pattern of morbidity in Navy englneering occupations, and a
strong pattern emerges. Boiler Technicians have the highest and most consistent excess risk
across the greatest number of disease categories of any Navy engineering occupation. Disorders
for which Boiler Techniclans are statistically well above the Navy norm include: mental disorders
(35 percent higher), nervous system disorders (45 percent higher), clirculatory system disorders
(45 percent higher), and musculoskeletal system disorders (45 pe;cent higher). Boiler Techniclans
also have significantly high rates of accldental injury which have increased by 10 percent from 40
to 50 percent greater than the rest of the Navy over the l0-year study period. Efforts to improve
Navy engineering environments should be directed primarily toward Boiler Technicians, since this

group 1s the major contributor to the overall excess risk seen In engineering occupations.
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Engineering personnel overall showed an excess of morbidity compared to other Naval occupa-
tional groups. All engineering personnel combined had a 20 percent higher risk of nervous system
hospitalizations, for example, and this difference persisted and remained significant throughout
the study period.

There was a 10 percent decline from the significantly elevated risks observed in all en-
gineering personnel over the study period for accidents and musculoskeketal injuries (SMR = 1.2),
but a slight excess (SMR = 1,1) 1s still present.

Hull Maintenance Technicians consistently showed a high risk of accidental injury (SMR = 1.4,
1.4) and musculoskeletal disorders (SMR = 1.3, 1.4) compared to the total Navy.

Navy Engineering work involves close contact with heavy machinery under conditions which are
often adverse. Engineering environments are hot, dirty, and nolsy, and the high potential for
accidents 1s shown by the high rates of accidental and musculoskeletal injury experienced by men
working under these conditions, Noise 1in engineering environments also contributes to hearing
loss as shown by the high pattern of risk for nervous system disorders which include hearing loss.

Increased risk for cancer might also be expected due to exposure to volatile solvents and the
products of combustion. Only Machinist's Mates seemed to have a significantly increased risk for
malignant neoplasms (SIR = 1.4), but this occurred during the first phase of the study and dropped
to the Navy norm during 1980-83. This finding 1s consistent with the excess risk of Hodgkin's
disease which has been observed for this group (4).

This study was restricted to active-duty personnel, and, therefore, cancer occurring after
separation from active-duty was not ascertained. In future studies, longer follow-up, particu-
larly for cancer, which may take many years after exposure to occur, will be needed 1in order to
detect an increased cancer risk if one {s present.

The use of broadly defined disease and occupational categories in this study has the po-
tentlal to obscure specific relationships which might exist between a particular occupational
exposure and disease outcome. The discovery of the specific nature and severity of health risks
in Naval occupations requires a more precise definitlion of health outcomes than was possible in
this approach.

To better address the health risks of working in the Navy englneering environment future
analysis of morbidity among Navy engineering personnel should be extended to include study of
morbidity by occupational sub-specialties, duty statlons such as ship type, and specific disease
outcomes.

Future analyses should include other types of health outcomes such as Medical Board actions,
Physical Evaluation Board recommendations and death recorda. Longer medical follow-up periods for
Navy personnel could be instituted with the co-operation of other agencles, such as the Veterans

Administration and the Medical Follow-up Agency of the National Rejearch Council.
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Table 1. Navy Engineering Occupations, Naval Health
Research Center, 1986

Engineering Alphabetic Numeric
occupation code code
Machinist's Mate MM 3700
Engineman EN 3800
Machinery Repairman MR 3900
Boiler Technician BT 4000
Electrician's Mate ET 4100
Interior Communications

Electrician IC 4200
Hull Maintenance Technician HT 4300
Ges Turbine Specialist as 4400
Patternmaker/Molder PM/ML 4600/4700
Pireman FR,PA,PN 5000

Table 2. Diagnostic Categories and International Classification of Disease Codes Included in
Engineering Morbidity Study, Naval Health Research Center, 1986

International Classification of Diseases

Dlagnostic category Eighth revision code Ninth revision code
1. Infectious and parasitic diseases 000 - 136 000 - 136
2. Malignant neoplasms 140 - 209 140 - 209
3. Benign neoplasms 210 - 239 210 - 239
4. Endocrine, nutritional and metabolic
diseases 240 - 279 240 - 279
S. Diseases of the blood 280 - 289 280 - 289
6. Mental disorders 290 - 315 290 -~ 315
7. Nervous system and sense organ dlsorders 320 - 389 320 - 389
8. Circulatory diseases (hemorrhoids deleted) 390 - 458 390 -~ 459
(455 deleted) (455 deleted)
9. Diseases of the respiratory system 460 - 519 460 ~ 519
10. Diseases of the digestive system (dental
disorders deleted) 520 - 577 520 ~ 579
(520 - 525.9 deleted) (520 - 525.9 deleted)
11, Diseases of the genitourinary system 580 - 629 580 ~ 629
12. Diseases of the skin 680 - 709 680 ~ 709
13. Diseases of the musculoskeletal system
and connective tissue 710 - 738 710 -~ 738
14, Symptoms and 1ll-defined conditions 780 - 796 780 ~ 799
15. Accidents, poisonings, and violence 800 - 999 800 ~ 999
9
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